Abstract 2 A recent paper in this journal concluded that a sample of early Pleistocene hominin crania 3 assigned to genus Homo exhibits a pattern of size variation that is time-dependent, with 4 specimens from different time periods being more different from each other, on average, than are 5 specimens from the same time period. The authors of this study argued that such a pattern is not 6 consistent with the presence of multiple lineages within the sample, but rather supports the 7 hypothesis that the fossils represent an anagenetically evolving lineage (i.e., an evolutionary 8 species). However, the multiple-lineage models considered in that study do not reflect the 9 multiple-species alternatives that have been proposed for early Pleistocene Homo. Using 10 simulated data sets, I show that fossil assemblages that contain multiple lineages can exhibit the 11 time-dependent pattern of variation specified for the single-lineage model under certain 12 conditions, particularly when temporal overlap among fossil specimens attributed to the lineages 13 is limited. These results do not reject the single-lineage hypothesis, but they do indicate that 14 rejection of multiple lineages in the early Pleistocene Homo fossil record is premature, and that 15 other sources of variation, such as differences in cranial shape, should be considered. and Dmanisi, Georgia. These authors concluded that the pattern of variation exhibited by the 3 sample was most consistent with the hypothesis that these fossils were part of an anagenetically 4 evolving lineage (i.e., an evolutionary species; Simpson, 1951; Wiley, 1978) characterized by 5 directional trends toward brain expansion and reduction of the masticatory apparatus. Van 6 Arsdale and Wolpoff reasoned that if the single-lineage hypothesis is correct, then variation 7 should be lowest within time intervals and greatest between time intervals, with variation 8 between the most disjunct time intervals being greatest (Fig. 1a) . This pattern is the one that they 9 observed in their sample. Here I show using a simulation approach that such a pattern can also 10 characterize a fossil assemblage containing two lineages under certain conditions. These results 11 do not falsify the single-lineage hypothesis, but they do show that multiple-lineage alternatives 12 remain viable. 13
Figures: 4, no color 27 28 1 Abstract 2 A recent paper in this journal concluded that a sample of early Pleistocene hominin crania 3 assigned to genus Homo exhibits a pattern of size variation that is time-dependent, with 4 specimens from different time periods being more different from each other, on average, than are 5 specimens from the same time period. The authors of this study argued that such a pattern is not 6 consistent with the presence of multiple lineages within the sample, but rather supports the 7 hypothesis that the fossils represent an anagenetically evolving lineage (i.e., an evolutionary 8 species). However, the multiple-lineage models considered in that study do not reflect the 9 multiple-species alternatives that have been proposed for early Pleistocene Homo. Using 10 simulated data sets, I show that fossil assemblages that contain multiple lineages can exhibit the 11 time-dependent pattern of variation specified for the single-lineage model under certain 12 conditions, particularly when temporal overlap among fossil specimens attributed to the lineages 13 is limited. These results do not reject the single-lineage hypothesis, but they do indicate that 14 rejection of multiple lineages in the early Pleistocene Homo fossil record is premature, and that 15 other sources of variation, such as differences in cranial shape, should be considered. 16 al., 2007) . However, the recent discovery of a 1.44-million-year-old partial maxilla with teeth 1 that are metrically distinct from those of H. erectus but quite similar to geologically older H. 2 habilis specimens demonstrates that individuals bearing H. habilis morphology did indeed 3 coexist with those bearing H. erectus morphology in eastern Africa for at least 200,000 years 4 (Spoor et al., 2007) . The reason for the rarity of such individuals in the fossil record after about 5 1.6 Ma is unclear. Notably, such fossils are absent from Van Arsdale and Wolpoff's sample. 6
Adding the four Georgian crania to the analysis broadens this overlap. The most recent 7
and comprehensive taxonomic analysis of these fossils was conducted by Rightmire et al. (2006) , 8 who noted resemblances between these specimens and those attributed to both H. habilis and H. within the H. erectus hypodigm, concluding: "On morphological grounds, it can be argued that 12 the group from which the skulls are drawn is close to a stem from which later more derived 13 Given the preceding discussion, it is clear that tests of lineage diversity within early 20
Homo need to account for the fact that the proposed lineages are not present together in all time 21 intervals, either because one did not exist during certain intervals or because one is poorly 22 sampled in certain intervals (e.g., because it had a low population density or was not present in a 23 particular region), or a combination of the two. Van Arsdale and Wolpoff's multiple-lineage 1 models do not address this issue; rather, as noted above, they specify patterns of variation that 2 assume complete temporal overlap among the specimens that represent the hypothesized 3 lineages. Figure 2a sampled from a second population (Taxon 2) with a mean trait value of μ = 12.00 and a standard 23 deviation of σ = 0.96. Note that these two taxa have identical levels of relative variation 1 (coefficient of variation = σ / μ × 100 = 8.00) but the mean for Taxon 2 is 20% larger. For each 2 sample, individuals were randomly assigned to one of five time intervals as shown in Table 2,  3 holding the number of individuals from each taxon in each time interval constant in all 100 4 samples. 5
The parameters for the simulated populations are based on those that characterize one of 6 the best-represented measurements in Van Arsdale and Wolpoff's sample, bi-asterionic breadth 7 (see the electronic appendices that accompany Van Arsdale and Wolpoff's paper), which is 8 available for twenty-one of the twenty-five Homo crania used in their analysis. Asterion is a 9 bilateral craniometric point that marks the spot where the temporal, parietal, and occipital bones 10 of the neurocranium meet; bi-asterionic breadth is therefore a measure of the posterior width of 11 the cranial vault. The mean value for the three H. erectus crania in the latest time interval is 21% 12 larger than the mean value for the four H. habilis specimens in the earliest time interval for 13 which this measurement is available (114.53 mm vs. 94.35 mm, respectively). The coefficient of 14 variation for these two samples is approximately 8.00 (8.20 and 7.47, respectively). The 15 allocation of the simulated specimens to time intervals is similar to the observed distribution, but 16 with some minor modifications to account for two factors: (1) that the simulated samples 17 contains only twenty individuals rather than twenty-one, and (2) that the representation of the 18 two taxa in each simulated sample is equal (i.e., ten and ten) rather than unbalanced (bi- 
